ABSTRACT Experimentation was conducted to estimate dietary lysine needed to optimize production of summer-reared broilers between 42 to 56 d of age. Male Ross × Ross 308 chicks were placed in floor pens of an open-sided house and provided common feeds from placement to 42 d of age. During the subsequent 42 to 56 d, birds received a corn-soybean meal basal diet (18% CP and 3,250 kcal/kg ME) established to provide limiting essential amino acids favorably balanced near requirement levels with the exception of lysine. Four 0.10% increments of L-lysine isonitrogenously displaced L-glutamic acid from the basal diet to provide analyzed values progressing from 0.85 to 1.25%. Body weight gain and mortality were not altered as dietary lysine increased; however, feed conversion linearly improved. Chilled carcass yield,
INTRODUCTION
Essential amino acid requirements advocated by NRC (1994) for broilers are largely based on experimentation conducted several decades ago. During the interim, rate of broiler growth, and yield and nature of the carcass have all improved. Given these improvements, levels of the most limiting amino acids were increased during formulation and balanced relative to lysine (Agri Stats, 2001) . Approximations of an ideal balance of essential amino acids for broilers generally combine the absolute needs for growth and maintenance under optimal terms of production (Baker, 1994; Mack et al., 1999) .
Decreased feed intake, reduced growth, and altered carcass composition (Adams et al., 1962; Kubena et al., 1972; Cowan and Michie, 1978; Howlider and Rose, 1987; Smith, 1993) together with panting, respiratory alkalosis, and decreased thyroid activity (Dale and Fuller, 1980; Teeter et al., 1985; Leeson, 1986) To whom correspondence should be addressed: emoran@ acesag.auburn.edu. 1602 amount of abdominal fat, and recovery of skinless boneless breast meats were not affected. Measurements on nitrogen balance and plasma levels of total protein, albumin, glucose, and uric acid taken at 49 d from a concurrent study using sample birds in raised-wire cages and identical feeds also failed to define a requirement. However, plasma aspartic transferase increased to a maximum approximating 1.05% lysine, whereas free lysine concentration linearly increased to the highest level. Overall data supported a lysine requirement no less than 0.95% that was greater than the previous minimum of 0.85% obtained under similar terms without heat stress. Suppression of growth from heat stress appears to reduce the absolute need for lysine; however, increased dietary concentration appears necessary to accommodate depressed feed intake and improve its effectiveness.
heat stress. Reduction in the rate of protein synthesis from heat stress (Temim et al., 2000) is expected to alter amino acid need, but the extent and nature of change does not appear to be linear with environmental temperature or broiler age (Hurwitz et al., 1980) . Thus, acclimation to heat stress in practice would be of limited effectiveness because summer temperatures are not predictable, and severity of response progressively increases with bird age. Corzo et al. (2002) observed that 0.85% lysine approached optimization for broiler males between 42 and 56 d of age when all other essential amino acids approximated an ideal balance according to Mack et al. (1999) . An optimal environment provided exceptionally good performance; however, a clear definition of the precise requirement level was lacking. The objective of present experimentation examined whether such recommended lysine level persists and clarity of definition improves under less favorable, but otherwise similar, summer conditions. Again live performance and carcass quality showed the collective impact of each lysine level from 42 to 56 d of age, whereas nitrogen balance and several plasma measurements revealed their effects during a shorter period at midpoint of experimental phase. 
MATERIALS AND METHODS
Commercial source 1-d-old Ross × Ross 308 male chicks were randomized into floor pens of an opensided house at the Auburn University poultry farm. The house had thermostatically controlled heating, curtains, and cross ventilation (30 pens; 35 birds/pen; 0.118m 2 / bird), and birds were reared through the months of June and July. Each pen had fresh pine shavings and was equipped with one hanging feeder and one bell drinker. Chicks were vaccinated for Marek's disease, Newcastle disease, and infectious bronchitis at the hatchery and at 12 d against infectious bursal disease. All birds received common crumbed and whole pellet feeds from placement to 21 d and 21 to 42 d, respectively, that generally exceeded NRC (1994) nutrient recommendations, particularly lysine (Table 1) .
At 42 d of age, bird number was equalized among pens (30/pen), and treatments were distributed to establish similar average weights at the start of experimentation. Treatments consisted of five levels of dietary lysine that linearly progressed at 0.10% intervals from a calculated level of 0.75% in the basal to the highest at 1.15% on an 88% dry-matter basis. Feed ingredients used from 42 to 56 d of age were analyzed for amino acids to improve accuracy in formulation, and each complete feed was further analyzed after pelleting (Llames and Fontaine, 1994) . As supplementation of L-lysine sulfate increased, L-glutamic acid was isonitrogenously omitted from the basal diet. Levels of all other essential amino acids supplemented to the basal diet were included to attain an ideal relationship with lysine at 0.85%. Feed and water were provided ad libitum, and lighting was continuous. Feed conversions were corrected for mortality. All mortality was gross necropsied to estimate the incidence of sudden death syndrome, ascites, leg problems, or other problems. Experimentation was approved and monitored by the Auburn University Animal Care and Use Committee.
At 56 d of age, all birds in floor pens were placed in transportation coops and held about 14 h prior to slaughter. On-line processing was performed in a pilot plant that involved a 9-min kill line followed with a 7-min evisceration line. Warm carcasses were static chilled in slush-ice for 4 h followed by removal of depot fat from the abdominal cavity. The front half of each carcass was held on flaked ice overnight for removal of fillets (pectoralis major) and tenders (pectoralis minor) using stationary cones and experienced personnel. Blood contaminating the fillets (blood splash) and tenders exhibiting deep pectoral myopathy (green muscle disease) were itemized.
Nitrogen balance of the experimental feeds and their effect on specific plasma measurements were conducted on 90 broilers removed from those reared in the floor pens on common feed to 41 d. The BW of each bird was within the upper and lower 5% of the total flock average. Selected birds were divided into those heavier and lighter than this average, and each group was placed in separate cages of raised-wire floor batteries (2 birds/ cage). Each cage had one trough water and one trough feeder. Room lighting was continuous, and temperatures were similar to those concurrently being experienced by broilers in floor pens. Caged birds received the same experimental feeds as those on the floor from d 43 until d 48. Excreta were collected from d 48 to 49 and subsequently held at −20°C for later lyopholization. Nitrogen retention was calculated from Kjeldahl measurements on feed and excreta. At d 50, heparinized syringes were used to collect blood from the brachial vein, and resultant plasma was held at −70°C for subsequent analyses of albumin, aspartate transferase, glucose, total protein, and uric acid 2 as well as concentrations of free amino acids. transformed to arcsine square root percentages for analysis.
RESULTS AND DISCUSSION
The environment when Corzo et al. (2002) estimated 0.85% lysine as being satisfactory for broiler males from 42 to 56 d of age averaged 18°C and 61% RH, whereas summer conditions in present experimentation corresponded to 28°C and 74% RH. The building, pens, and strain of broiler used were identical; however, the proportions of basal ingredients were marginally altered to accommodate differences in feedstuff composition and intended amino acid levels. Analyses of each experimental feed indicated that lysine consistently exceeded intended levels by approximately 0.10% (Table 2) , whereas all other amino acids and crude protein (18.4%; SD = 0.11 at 88% DM) remained similar. The essential amino acids likely to be limiting and supplemented to Live performance grand means preceding experimentation corresponded to 42 d live weight of 2,629 g with feed/gain from 0 to 42 d of 1.69. Experimental values represent least square means of six pens each having ca. 28 birds. The average temperature through experimentation was 28 ± 2°C, and RH was 74 ± 8%. All cubic responses were not significant (P > 0.05). Means corresponding to sudden death syndrome, ascites, leg problems, and other causes, due to lysine effects were not significant (P < 0.05). 4 NS, P > 0.05; *P < 0.05; ***P < 0.001. the basal generally agreed with those reported by Corzo et al. (2002) . In turn, a fixed error in the supplementation of lysine to the experimental feeds seemed to be the most likely reason for the differences between calculated and actual levels. Accordingly, each of the intended lysine levels was increased by 0.10%, i.e., from 0.75, 0.85, 0.95, and 1.05% to 0.85, 0.95, 1.05, and 1.15%, respectively, and is presented as such.
Summer conditions encountered between 42 and 56 d of age led to reduced overall live performance (grand means: 3,803 g weight and 1.96 feed/gain) than reported by Corzo et al. (2002) when more favorable terms existed (4,264 g weight and 1.86 feed/gain). Increasing dietary lysine with broiler males reared in a summer environment in the present experimentation did not substantially alter feed intake, BW gain, and mortality between 42 to 56 d of age. However, a linear decrease in the conversion of feed to live weight gain was evident with birds fed the basal level of 0.85% lysine through to Depot fat removed from the abdominal cavity of carcasses without neck and giblets after 4 h of slush-ice chilling expressed on an absolute basis and relative to its entire weight. 1.25%, representing almost an 8% improvement (Table  3) . Subsequent evaluations of the carcass after processing indicated that the improved feed conversion from increasing lysine was not associated with a change in body composition. Depot fat removed from the abdominal cavity and yield of resulting chilled carcasses were unaltered (Table 4) as also were the amounts of fillets and tenders (Table 5 ). Blood contaminating the fillets and deep pectoral myopathy of tenders were both evident, but incidence was not altered by dietary lysine.
Broilers removed from floor pens and placed in raise wire cages to evaluate lysine treatments on a unit-day basis at midpoint led to mixed results. Nitrogen retention measured during d 48 to 49 was not significantly altered as lysine increased nor was uric acid concentration in the plasma. Aspartate transferase was maximized, however, when birds received 1.05% lysine, which suggested an accentuated manipulation of inter- Values are the least square means of six pens each providing ca. 28 carcasses. All cubic responses were not significant (P > 0.05).
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Incidence of blood contaminating the meat ("blood slash").
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Incidence of myopathy ("green muscle disease").
4
NS, P > 0.05.
mediate nitrogen (Table 6 ). Dietary lysine also altered plasma concentrations of total protein, albumin, and glucose, but these responses were related to BW of the broiler and are open to interpretation (Table 7) . Levels of free amino acids in circulation reflect a combination of supply by the feed and removal for tissue use. Plasma lysine significantly increased with its dietary inclusion (Table 8) . Acute response of circulating lysine to its supplementation relates to the extent of dietary limitation (Pesti et al., 1984) and availability from feed (Brake et al., 1998) . Concurrent changes in the other essential amino acids are assumed to reflect their use and limitation relative to lysine. Several of the amino acids that were added to the basal diet could have been equally limiting to enable a numerical increase to 1.05% lysine and thereafter a decrease. Presumably, the existing overall balance approximated ideality and minimized extensive expression on an individual basis. Data represents a total of 45 cages each with two birds. Data are given as least-square means of the main factor contrasts given that their interactions were not significant (P > 0.05). All cubic responses were not significant (P > 0.05).
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Body weight corresponds to groups above and below the total average where heavy = 2,306 g and light = 2,119 g; SEM = 16.4. Overall data in the present experimentation did not provide a level of lysine that could be considered as a definitive requirement for heat-stressed broilers. Feed conversion was the only measurement that was clearly responsive to lysine, and a linear improvement occurred. All other measurements were not statistically significant, and many numerically attained maximum or minimum values corresponding to a minimum of 0.95% lysine. Corzo et al. (2002) also observed a lack of response to dietary lysine with broilers in an optimal Data represents a total of 45 cages each with two birds. Analyses was performed separately for high and low body weights because of significant interactions involving lysine level and body weight category (albumin P < 0.05; glucose P < 0.05; total protein P < 0.05). All cubic responses were not significant (P > 0.05).
Body weight corresponds to groups above and below the total average where heavy = 2,306 g and light = 2,119 g; SEM = 16.4. 3 NS, P > 0.05; *P < 0.05; **P < 0.01. environment. The requirement approximated 0.85% lysine and also arose from numerical indications of a few measurements, whereas linearity with feed conversion was indicated. Perhaps, this lack of definition resulted from imposing an ideal balance to avoid subsequent expression of limitation by any one essential amino acid as lysine increased. The increased concentration of lysine needed with heat stress appears to be an absolute accommodation to decreased feed consumption and to provide support for existing growth. NS, P > 0.05; *P < 0.05; **P < 0.01; ***P < 0.001.
